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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a microminiature 
laser assembly having a microminiature laser including 
reliability and accurate alignment and a concerned electro- 
optic component. 

SOLUTION: The microlaser assembly can include mechanical 
aligning members. For example, the microlaser assembly can 
include a first mechanical aligning member for aligning the 
microresonator and a beam guiding element, and a second 
mechanical aligning member for aligning the beam guiding 
element and an electro-optic component. In this regard, the 
first and second mechanical aligning members can each 
include at least one pin for operably engaging the 
microresonator, beam guiding element and/or the electro- 
optical components. The laser signals emitted by the 
microresonator can therefore be efficiently coupled to the 
electro-optic components in order to provide a desired laser 
output. 
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1. title of' Invention 

MICROLASER ASSEMBLY HAVINQ A MICRORESONATOR 
AND ALIGNED ELECTRO-OPTIC COMPONENTS 

2. Claims 

1. A iiiicn>lB£cr esscinbly comprisms: 

a xmcroTBSozxatQr compneing an active g^n medium and a 
passive Q-switch, said microreaonatorexieading leagdiwise between 
opposed first and second end fines, said microresonatcH; also having a first 
side surface extending between the opposed ecid &ces; 

apump soTUcc for introdocinsptmipaigEials into the active 
gain medium via the fiist Side surface of said microresonat^ 
zig-zag resonadon pattern is established fhorwithin in order to generate 
laser signals that are cDoitted via tlie second end face of said 
xntdoresonator; 

an electio^optic component for modifying the laser signals 
emitted by said microtesonaror; and 

a beam ste erin g element <fisposed betwem said 
znicioresonaior and said electro-optic component for aligning the laser 
signals emitted by add mictxsresonator with said elcctco-crptic cotnponcKxL 

2. . A microlaser assembly according to Claim 1 wfaerein said beam 
steering element is contiollably adjustable. 

3 * A micitdaser assembly acrrrf<1ing to Claim 2 wherein said beam . 
steering element comprises at least one wedge prisnL 

4. A micEolasCT assembly according to CJwix 3 wtaeiein said beam 
steering element comprises a pair of steering Risley prifims. 

5. A xnicrolaser assembly according lo Claim 1 furtho: compriaiLg a 
medianical alignment member for gcnmlly alignitig said micxDresonator and said 
electro-optic component. 
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6. A imcrolascr assembly according to Claim S wherein said 
mechanica! alignment member contpiises a first mechanical alignment member foe 
aligning said micxoresonator and said beam steering element and a second 
mechanical alignment member for aligning »id beam steering element and said 
electro^tic component 

7. A miccolaser assembly according to Claim 6 wherein said first and 
second mechanical ahgmnent members each comprise at least one pin. 

8. A microlaser assembly according to Claim 7 further comprising: 
a microresonator mount for snppGiting said microresonatar, 

a ccnnponent mount for supporting said clcctro'<3ptic component; 
a bousing for holding said beam steering element; and 
whcrdn said at least one pin of said first mechanical ali g nme nt 
monbcr engages said microresonator mount and said housing for generally 
aligning said microresonator and said beam steering element* and wheran said at 
least one pin of said second mechanical alignment membw engages said 
component mount and said housing for generally ahgning said electro-optic 
component and said beam steering elememt. 

9. A microlaser assembly according lo Claim 1 wherein said electro- 
optic component is selected fiom the group consisting of a nonlinear crystal, an 
amplifier, an oscillator and another active gain medicm. 

10. A miciolasei assembly according to Claim 1 wherein said 
microresonator also has a sccoxid side surfece extending between the opposed end 
faces and opposite the first side surface, wherein the zig-mg resonation pattern 
comprises a plurality of segments of alternately opposite slope that intersect at 
respective inflection points proximate one of said 6j» of tfie first and second side 
surfaces, and wherein said pump source comprises first and second pump sources 
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for imroduciiig pomp signals into the active gain medium at locations along the 
first and sooond dde sur&oes» lespocdvely, that coincide with Che inflecticm points. 

11. A imcrolaser assembly according to Claim 1 wherein passive Q- 
svvitch is immediately adjacent said active gain mediimL 

12. A miciolaser assembly according lo Claim 1 1 wherein said passive 
Q-switch is proximate the second end face of said microresonator. 

13. A miorolaser assembly comprising; 

a niicroresonatorcomprismg an active gain mediimi and a 
passive Q-switch, saidmicrotesonator defining a longitudinal axis between 
opposed first and second end faces that are each disposed at a 
nonorthogonal angle relative to the longitudinal axis^ said microresonator 
also having a first side surface extending between the opposed cad faces; 

a pimxp source for introducing pump signals into the active 
gain medium via the first side sur&ce of said microresonator in order to 
generate laser signals that are emitted via the second end &ce of said 
rnicrOEesonator; 

an electro-optic componezU for modifying the laser signals 
emitccd by said microresonator; and 

a beam steering element di^>oscd between said 
microresonator and said electro-optic component for aligning the laser 
signals emitted by said microresonator with said electro-optic componenL 

14. A microlas^ assembly according to Claim 1 3 wherein said beam 
steering element is controllably adjustable. 

15. A microlaser assembly according to Claim 14 wherein said beam 
steering element comprises at least one wedge phsnu 
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1 6. A mioolaser assembly dccocxlmg to Claim 13 further comprising a 
mechanicai aligEUDent member for generally aligning said mieroresonator and said 
eLecUD-opHc coiiuponeni. 

17. A microlaser assembly according to Claim 1 6 wherein said 
mechanical alignment member comprises a first medonical alignment mcmbei for 
aligning said microrcsonator and said beam steering clement and a second 
mechanical alignment member for aligning eaid beam steering element and said 
eiectio-c^tic component. 

18. A microlaser assembly according to Claim 1 7 furfter comprising: 
a microresonalor mount for siq^oning said miororesanator; 

a ooxaposamt mount for siqiportiDg said dectxo-cptic 

componeti^ 

a housing for holding said beam steering element, and 
Tvfaeroin said first mectenical alignment member comprises 
at least one pin for engaging said microresonacor mount and said housing in 
order to g^erally align said xnicroresonator and said beam steering 
elment, and wberdn said second mediamcal alignment member comprises 
at least one pin for engaging said component mount and said housing in 
order to generally align said electro-optic component and said beam 
steering clement 

19. A microlaser assembly according to Claim 13 wherein said electro- 
optic component is selected finom the group consisting of a nonlinear crystal, an 
amplifier^ an oscillator and another acuve gain medium. 

20. A microlaser assembly according to Claim 1 3 ^vberein passive Q- 
switch is immediately adjacent said acdve gain medium. 

2 L A microlaser assembly according to Claim 20 whcrenn said passive 
Q-svritch is proximate the second end fiace of said microresonator. 
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22. A microlaser assembly cotnim^ns: 

a xniortnesonator comprising an active gain medium and a 
passive Q-switch, said raiororesonator extending tengfhwise between 
opposed Bxst and second and &c6&} 

a pump source for introducing pnmp d goals into the active 
gain medium of said microresonator in order to gesierate laser signals that 
are emitted via the second end face of said microresonator, 

an electro-optic component for modifying the laser signals 
emitted by said microrcsonatorp 

a mechanical alignznezit mezzsber for generally aligning said 
microreaonator and said electro-optic ccnoponent; and 

a controUably adjustable beam steering element disposed 
between said microzesonator and said electro-optic component for precisely 
aligning the laser signals emitted by said micnKresonator with said electzo- 
optic component fbllowing general alignment by said mechanical 
alignment member. 

23 . A microlaser assembly according to Claim 22 wherein said beam 
steering element comprises at least one wedge prism. 

24. A microlaser assembty according to Claim 22 wherein said 
mecdianical alignment memb^ comprises a first mdchaoical alignment member for 
aligning said microresonator and said beam steering client and a second 
mechanical alignment member for ahgning said beam steering element and said 
clcctro-optic component 

25. A miCTolascr assembly according to Claim 24 ftirthcr comprising; 
a microresonator mount for supporting said microresonator, 

a component mount for stipporting said electro-optic 

component; 

a housing for holding said beam steering element; and 
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v^liercdti said first mechanical aligDmeot member comprises 
at least one pin for engaging said microresonator mount and said hoiising ia 
order to generally align saidmicroresonator and said beam steering 
element, and wherein said second mechanical alignment member comprises 
at least one pin for engaging said coznponent mount and said housing in 
onjer to generally align said electro-optic component and said beam 
steering element. 

26. A microlaser assembly according to Claim 22 wherein said electro- 
optic component is selected fitnn fbc group consisting of a nonlinear crystal, an 
ani^lifier, an oscillator and another active gain medium. 

27. A ndcrola^ assembly aocoiding to Claim 22 wherein passive Q- 
switch is immediately adjacent said active gain medimn. 

28. A ndcrolasei assembly according to Claim 27 wherein said passive 
Q-switch is proximate the second cad face of said microresonalor. 
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3. Detailed Description of Invention 

FIEUD OP IHB INVENTION 
The present invention rotates emcrally to miciolaser assemblies and, more 
porticttlariy, to Tnicrolaser asaeniblies having microresooaims, one or more dlectro- 
optic components and a beam steering clement for cootroUably aUgning Ihe laser 
signals emitted by the micraiesonator vritb the electro-optic components, 

BACKGROUND OF THE INVENTION 
Modem electro-optical applications are demanding relatively moxpensive, 
miniaturized lasers capable of producing a series of well-defined output pulses. As 
sucb, a variety of microlasers bave been develi^ed that include a microresonator 
and a pair of at least partiaQy reflective mirrors disposed at opposite ends of fixe 
microrosonator to define a resonant cavity therebetween. The microresonaior of 
one advantageous microlaser includes an active gain medium and a saturable 
absorber that serves as a Q-awitch. Sec; for example. U.S. Patent No. 5,394,413 to 
John J. Zayhowski orhich issued on Febn»ary 28, 19^5 and U.S. Patent No. 
6,072,815 to Brian L. Peterson which issued on June 6, 20D0» the contents ofboth 
of which are incorporated in their entirety herein. By q>pmpriaiely pumping the 
active gain medium, such as with a laser diode, die microrcsonator will emit a 
scries of pulses having a prsdetermined wavelength, pnlse width and pulse energy. 

As known to diose skilled in the art, the wavelength of the signals emitted 
by a micmlaser is dependent upon the motoaals from whidi ibe aaive gain 
medium and the saturable absorber are formed. In contrast, iho pulse width of the 
laser pulses emitted by a conventional micmlaser is proportional to the length of 
the resonator cavity. As such, longer resonator cavities will generaUy emit output 
pulses having greater pulsa widths as dofined by fhc following equation: 
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2nl 

in which tpw is the pulse widths 1 is the length of the resonator cavity, n is tha 
refractive index of the microlaser and c is the speed of ligjit. Further, both the 
pulse energy and average pow^ provided by a microlaser are proportional to the 
pulse width of die pulses ou^ut by the microlaser. All other factoz? being equal, 
the long«r the microresonator cavity, the longer flie pulse widfh and the greater Ae 
pulse mexEy and average power of the xesulting laser pulses as a result of the 
increased gain. 

Conventional micmlasars, such as tiiose described by U.S. Patent No. 
5^394,413, are end pumped in a direction parallel to the longitudinal axis defined 
by the resonator cavity. In this regard, the longitudinal axis of the microresonator 
cavity extends lengthwise through the resonator cavity and is oriented so as to be 
ortiiogonal to the pair of at least partially reflective mirrors that define the opposed 
ends of the lesooant cavity. As such, conventional microla^ers are configured such 
that the pun^ source provides punq> signals in a direction perpendicular to the at 
least partially reflective mirrors thai define the opposed ends of the resonant cavity. 
The eflSsctive length of the resonator cavity is therefore equal to the physical length 
of the resonator cavity. 

While a microlaser can be fabricated audi that the resonator cavity has 
different lengths, a number of factors contribute to genoraUy limit the permissible 
length of the resonator cavity. In particular, a number of electro-optical 
applications require microlasers that are extremely small. As such^ increases in the 
length of the resonator cavity are strongly discouraged in these applications sinoe 
any such increases in the length of the microresonator cavity would 
corre^xmdingly increase the overall size of the microlaser In addition, the length 
of pas^vely Q-switched microlasers is effectively limited by tiie requirement that 
the inversion density must exceed a predetermined threshold before lasing 
commences. As the physical length of the resonator cavity increases, greater 
amoimts of pnn^ energy are requireSd in oxd^ to create the necessary inversion 
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density for la^n^ In addition to disadvantageously oonsumixig more power to 
pump ihc zmc7ola5»:» the increased pumping requiremcms create a iLiunber of other 
problems, such as the creation of substantiaUy more heat within the microlaseor 
which must be prcperly disposed of in order to permit continued operation of the 
microlascr. 

As such, side-pumped microlasers have been developed as described by 
U.S. Patent Application No. 09/337,432, filed June 21, 1999, by Brian U Peterson, 
et al. and U.S. Patent Application No. 09/337,716 filed June 21 , 1999, by Steve 
Gucb, Jr., ec al., the contents of both of which are incorporated in their entireties 
herein. Like an ^nd^pumped microlaser, a side-pumped microlascr includes a 
micrcsresonator consisdsg of an active gain medium and a saturable absorber that 
serves as a Q-switc*, and a pair of at least partially reflective mirrors disposed at 
opposite &ads of the microresoiiaior to define a xeeonant cavity. Unlike an end- 
pumped microlaser in which the opposed end faces of the microxesonator are 
perpendicnlar to the longitadinal axis defined by ihe microvesonator, however, the 
opposed end faces of the microrcsonator of a side-pumped microlaser are disposed 
at anon-orthogonal angle, such as between about 30^ and about 35*, relative to a 
line peipendicular to the longitudinal axis defined lengthwise dirough the 
microrcsonator. Assuch, ifaemicraDesonatorwiUsi^portaaig-zagresonation 
pattern* In order to initiate (he resonation, the microlaser also includes a pun^ 
source for introducing pinnp signals into the active gaia medium via a side sur&ce 
of the micTiorcsonator. In re^onse to the pumping of the active gain medium via 
the side surface, the zig-zag resonation pattern is established within the resonant 
cavity and a series of pulses are emitted once the necessary inversion density has 
been reached. As a result of the zig-zag resonation pattern, the effective length of 
the microrcsonator of a side-pumped microlaser is increased without having to 
inraxase the physical dimensions. Thus, a side-pumped microlaser can generate 
pulses having greater pulse widths and conrespondingly greats: pulse energies and 
average power levds fhan ^ pulses provided by end-pumped microlasers of a 
drailarsize. 

bfotwithstanding the advantages cflFcrcd by side-pumped microlasers, some 
modem electro-optical applications require pulses that have gtcatcr pulse energies 
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and greater average power levels as well as pulses tliat have diffeient wavelengths 
tb£n that emitted a microiesoaiator. As such, laiciolaser assemblies geoetally 
include a ndcraresonator and one or more electro-optic components for receiving 
the pulses and for modifying tiieptilses. For examplei^ttie electro-optic 
components can include an optical parametric amplifier for amplifyii^ &c pulses. 
Alternatively, the electro-optic components can include one or more non-linear 
crystals for altering the wavelength of the pulses, such as by doubling or 
quadrupling the frequency of the pulses. 

hi order to appropriately receive and modify the pulses emitted by the 
miciolaser, the electro-optic components must be precisely aligaed with the 
micToIaser. As the microlaser and the associated electro-optic conq>oncnts becoma 
smaller, this aligmnent becomes even more necessary, but also more diflScult. 
Moreover, as the requirements for microlaser assemblies iocrease, the propei 
alignment of die microlaser and the associated electio-optic components becomes 
even more critical TlmSp a need eadsts for microlaser assemblies having 
mieroresonators and associated electro-optic conqK>n!Gaats that can be reliably 
aligned in a precise manner in order to provide the ou^ut required by modem 
electro-optical qiplications. 

SXJMMARY OF THE INVENTION 
A microlaser assembly is therefore provided that includes a microxesonator 
having an active gain medium and a passive Q-switch, a pump source for indudng 
rcsooatioii of the microresonator and die geneacation of laser signals, one or more 
electro-optic components, such as one or more non-linear crystals, amplifiers^ 
oscillators or other active gain mediums, for modifying the laser signals emitted by 
tiie microlaser and abeam stewing element for aligning the laser signals emitted by 
the microresonator with the electro-optic components. In one advantageous 
embodiment, the pump source pumps the active gain medium via a first side 
sm^acc of the microresonator. In order to suj^ort a sdg-zag resonation panem in 
response to (he side pumping, the first and second end faces of the microresonator 
are typically disposed at a nononhogonal angle relative to the longitudinal axis 
defined by the micrcresonator. As a result of tiie zig-zag resonation pattern, the 
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miciQrBSQnator can generate pulses hsviog greater pulse widths and 
correspondingly greater pulse eoergies and average powet levels dian the pulses 
produced by conventional ndcroiesonators of a similar size. In addition, by 
precisely aligning the laser signals emitted by die roicrocesonator ivith the elcctio- 
opdc components, the beam steering element of the iniciolaser assembly of the 
present invention fiudUtates die reliable and efficient operation of the ndcrolascr 
assembly and supports multiple downstream electro-optie stages for attipli^ring the 
laser signals and/or altering die wavelength of the laser signals depending upon the 
requirements of a particular application. 

Preferably, the beam steering element is oontrollably adjustable so as to 
precisely align the laser signals emitted by die microresonator with an electn>-opdc 
component For example* the beam steering element can include at least one 
wedge prism and, in one embodiment^ includes a pair of steeiing Rislcy prisms. 
The beam steering element typically provides for the relatively precise alignment 
of the laser signals emitted by the micioresonaior with the electro-optic 
components. In order to provide more general alignment, the microlaser assembly 
can also include a mechanical afignment member. 

In this advantageous embodiment, the microlaser assembly can include a 
first mechanical alignment member for aligning the microresonalDr and die beam 
stesring element and a second mechanical alignment member for ali gning tbe^ beam 
steering element and the electro^ptic component. For example, the first and 
second mechanical alignment members can eadi include at least one pin for 
operably engaging the microresonator, the beam steering clement and/or the 
eleetPO-Dptic components. In this regard, the microlaser assembly can fiirfiier 
include a microresonator motmt for supporting the microresonator ami a 
component mount for supporting the electro-optic component. In addidoi], the 
microlaser assembly of this embodiment can include a housing for holding the 
beam steering element As such, the at least one pin of the first mechaxdcal 
alignment member can engage the microresonator mount and the housing for 
generally aligning the microresonator and the beam steering element Likewise, 
the at least one pin of the second mcchamcal alignment member can engage the 
component mourn md the housing for generally aligning the electro-optic 
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Component and ttie beam steering element As such, the mechanical aBgnment 
members can provide geaen] alignment of the microMSOnalDr with the dectro- 
optic om^onents, while the contioUably adjust^le beam steering element 
provides more precise alignment or fine tuning. 

In one advantageous embodiment in which the mictoresotnator is side- 
pumped, the microresonator also has a second side sui&ce extending between the 
opposed end faces and opposite the first side surface. As such, the zig-zag 
resonation pattern includes a number of segments of alternately opposite slope thai 
intersect at respective inflection points prosimatc one of die fiist and second side 
surfaces. As such, the micrDlaser assembly can include first and second pump 
sources for introducing pvaap signals into ±e active gain medium at locations 
along the first and second side surfaces, respectively, that coincide with die 
inflection points. As such, the gain provided by the pump signals can be 
maximized. 

The miorolaser assembly of the present invraition ttierefore provides for the 
alignment of the microresonator, such as a side-pun^ oucrorosonator, wifli one 
or more electro-optic components, such as one or more non-linear crystals, 
an^lifiers and oscillators. In particular, die microlaser assembly of one 
embodiment provides fiw both the general alignment of the microresonator and the 
electro-optic component by means of one or more mechanical alignment members, 
as well as dxe more precise and controllably adjustable alignment of the 
nricroresonaior and die electpo-optic component by means of a beam steering 
element. Thus, the laser signals emitted by the nneroRssonator can be offidenily 
coiq>led to the electno-optic components in order to provide die dreired laser 
output. 
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DETAILED DESCREPHON OF THE PREFERKBD EMBODIMENTS 
The present ixivoition now wiH be described mote fiilly hereinafter witfi 
refeiCTcc to die aocoiapanying drawings, in wliich pr«feired embodimesits of die 
invention arc sho^m ITiis invention may, however, be dmbodied in many diSorent 
fbrois and sboxUd not be construed as lunited to tlie embodiments set forth hecein; 
rather, these embodiments are provided so that disclosure will be ihoiough axui 
conq>lete, and will fully convey the scope of the invention to tibose skilled in the 
art. Like numbers refer to like elements throughout. 

Referring now to Figure 1 , a microlaser assembly 10 according to one 
advantageous embodiment of the present invention is illustrated. As shown in 
more detail in Figures 2 and 3» the microlaser assembly inchides a microresonatox 
1 1 having an active gain medium 12 and a Q-switch 14, such as a passive Q- 
switch, that is preferably immediately adjacent to the active gain medium. While 
the micatHresonatoT of one advantageous embodiment is &biicated by epitaxially 
growing the active gain medium upon the Q-switch. the microrcsonator can be 
fibricated in other manners. For exan^le^ the active gain medium and the Q- 
switch can be joined by a diffusion bond or by opdcal contact in wiiich the active 
gain medium and the Q-switch arc attracted widi coherent forces, such a$ Van der 
Waals forces. 

Both the Q-switch 14 and the active gain medium 12 are formed of an 
apjwopriately doped host material. Typically, the host material is yttrium 
aluminum gampt (YAG), although materials such as yttrium vanadate (YVO4) and 
yttrium lithium fluoride (YLF), can be employed. In addition, while a variety of 
decants can. be utilized^ Hie active gain medium is typically doped with 
neodymium (Nd) and the saturable absorber is typically doped with tetravalent 
chrome. In one advantageous embodiment, for example, the active gain medium is 
formed of YAG that Is doped with between about 2 and about 3 atomic peiccnt of 
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ISfd. In tMs embodiaieat, die Q-switch or satoiEble absc3iber is also fbtxned of 
YAG and is doped with tetravalent diromc so as to hare an optical doosity of 0,03 
to 0- 1. As wUl be apparent, however, flie active gain medimn and the saturable 
absorber can be doped with differmt atomic percentages and dififerent types of 
dopant without departing firom the spirit and scope of the present inventioiL 

Regardless of the material $eleciion» the saturable absorber serves as a Q- 
switch 14 10 prevrot the onset of lasing until the inveision density within tfie 
microresonator 11 is sufficiently high, i.e., above a predetenninod threshold. Once 
lasiog begins, however, the microresonator will produce a series of pulses of a 
predetenninod wavelength, i.e., the lasing wavelength, that have a predetermined 
pulse width, albeit a longer pulse widlfa than die laser pulses generated by 
conventional microlasezs. 

The microresonator 11 extends lengOiwise between opposed end &ccs 16 
to diereby define a longitudinal axis 18. As described in U.S. Patent Application 
No. 09/337,432, the active gain medium 12 is preferably proximate one of the 
opposed end faces and the Q-switch 14 is proximate the other end face. However, 
the active gain medium and the Q-switch can both extend lengthwise between the 
opposed end &ces as described in U.S. Paxont Application Serial No. 09/337,716, 
if so desired* 

In ordffl- to siq>pozt a zig-zag resonatigpn pattern within the microresonatar 
11 so as to effectively lengthen the microresonator cavity, the opposed end feces 
16 of the micraresonator of one embodiment are each prefembly disposed at a 
nonorthogxHxal angle V relative to the longitudinal axis 18 defined by the 
microresonator. While the opposed end faces can be disposed at a variety of 
nonorthogonal angles V relative to the longitudinal axis, the opposed end feces are 
typically disposed at an angje V ibat is between about 30* and sftout 45** relative to 
a line peipeodicular to the longitudinal axis and, more concunonly, at an angle of 

about 30,9**. Typically, the angle a is defined to be equal lo arcdn wherein Bo 

is the index of re&action fox Ae surrounding environment, such as 1.0 for air; and 
Or is the index of refiiaedon of the active gain medium 12. 
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Since the resonation pattern established by the inicroicsonator 1 1 is created 
by the toUl tstttnal reflactioxi (TIR) of the signals whidi, in torn, is governed by 
the ic&activc indices of the respeccive matEzials, die relationship between the 
thickness T of ftc microrcsonocor 11 as measured between 1bB first and second 
opposed side sur£tces 20, 22, the length L of the micror^onfitor measured tip to 
tip, the apgle V defined by the opposed end fkgcs rclatiYC lo the longinidinal axis 
18 of the micToresonator and the numb^ N of rcfldctiom or bounces of the signals 
firom the side stzrfeces of the microrcsonator prior to emission can be defined by 
the following equation: 




tana tana 



In addition, the Imgth of each of the first and second sides of the miciDrescmator, 
Le. , the base length, is defined to be equal to NT/tan a. 

As shown in Figure X the opposed end faces 16 can each be disposed at the 
same nononhogonal an^e V celative to tt^e longinidinal axis 18 defined by the 
microresonator 11 snch that the closed »d &ces are parallel. Alternatively, the 
opposed end faces can be oriented in opposite directions by tiic same 
nonorthogonal angle V relative to the longitudinal axis defined by the 
micToresonator. In either embodiment, the resulting microTesonator siq^ports the 
zig-zag resonation pattern as shown. 

By suppoxting a zslg-zag resonation pattern within the microrcsoaator 11. 
the e&ective length of die resonation pattern is significantly longer than the 
physical length of the micinresonator as measured along the longitudinal axis IS. 
In this regard, the ef&ctive Imgth of the resonation pattern is defined by the path 
of the signals as the signals alternately bounce fiom the opposed aide sur&ces 20, 
22 of the mjcroresonator. For a microlaaer assembly 10 that is designed such that 
die signals reflect or bounce four times fiom the opposed side surf^es of the 
microresooator^ i.8., Ns4, the efiTective length of the zig-zag resonadon pattern is 
about three to four times longer than ttie physical lengdi of the microresonator 
cavity as measured along the Icmgitndinal axis. Since die lengtli of the resonation 
panein and the physical Length of the resonator cavity are identical for 
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eonveBtional end-pumped microlasais^ the microlaser of this embodiment 
advantageoufily provides a much longer rcsonation pattern wiihout requiting that 
physical dimensiois of the micronesonator be increased. As a result of the 
lengthened rcsonation pattern, the pulse width or pulse duration of the pulses 
output by the microresonator 11 is increased relative to the pulse width of the 
pulses output by conventional microlasers of the same size. For example^ the 
pulses output by the mica-orcsonator of one embodiment are anticipated to have a 
pulse width of ben^ecn 1 and 10 lanoscconds and, more typically, between about 2 
and 5 nanoseconds> as compared to the pulses ou^ut by convendonal end-pump 
micioresonators of the same size which have subnanosecond pulse widths. In 
addition, the energy delivered by the pulses output by the itiicrorcsonator assembly 
of this embodiment should be sigoiiicantly greater than ihe enecgy delivered by (ho 
pulses output by caaventional end-pumped microTesonatois of the same size. In 
this icgaxd, pulses having an energy up to about 1 00 pj are aatidpatad to be 
emitted by the micioresonatar of this embodiment in comparison to pulse eoexgies 
of less than about 35 pj that are provided by the pulses output by conventional 
end-pump microresonatoxs of die same size. Correspondingly, the pulses emitted 
by the xnicroresonaiDr of this embodimenc aie anticipated to have much greater 
averagepowBTS, suchasO.l watts to 1 watt, than the average pov^r of 
conventional end-pumped microresonatoTS that is typically less than 0.1 watts. 

The microlaser assembly 10 also includes first and socood reflective 
surfeces 24, 26 disposed proximate r«pective ones of the opposed end &ces 16 to 
define a microresonator cavity therebetween. As shown in Figure 3, the first and 
second reflective surfaces can consist of a multi-fayered dielectiic coating that is 
deposited upon the opposed end feces. Alternatively, die first and second 
reflective sur&ces can be formed by first and second didiioic mirrors that are 
positioned proximate, but sOightly spaced from respective ones of the opposed end 
faces. 

In either embodimem, the fixsi reflective surfece 24 proximate the end face 
16 of the microresonator 1 1 defined by the aedve gain medium 12 has a hi^ 
reflectivity, sudi as a reflectivity of greater than 993%, fiar signals having the 
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ptedetermined lashxg wavelength, such as 1 .OM nanomctexs fox a miororesonator 
having an active gain medium formed of Nd doped YAG. In addition^ tihic second 
reflective sorface 26 ttiat is disposed proximate the end &ce of the microiesonator 
defined by the passive Q-switch 14 is a partial reflector, typically having a 
reflectivity of between 40% and 90% for signals having the predetermined lasing 
wavelengths. See also Patent No. 5,394,413 which further describes a pair of 
mirrors that define the resanator cavity of a microlaser. 

Once the active gain mediiim 12 is pumped such that the inversion density 
within the microresonator 11 is above the predetermined threshold, the passive 
switdx 14 will pennit a s^es of pulses to be emitted. As a result of the partial 
reflectivity of ttie second reflective surface 26, the series of ptdses will then be 
emitted through the second reflective surface. 

In order to pump the active gain modium 12 with pump signals, the 
microlaser assembly 10 also includes a pump source 28. In one advantageous 
crabodimoit, die microresonator is side pumped. Ih this regard, the microresonator 
has a first side surface 20 extending between the opposed end £^es 1 6. By 
positioning the pun^ source such that the piunp signals are delivered via the first 
side sur&ce of the nncrorcsonator, the active gain medium is effectively side 
pumped. While the microlaser can be pumped via a single side sur&ce, the 
microlaser can« instead* be advantageously pumped via two or more side surfaces, 
such as the opposed first and second side suxl&ces 20, 22, as shown in Figaro 3. 

Although the wavelength of the pump signals can be tailored to the specific 
materials that cozx^^e the active gain medium 12, an active gain medium that is 
comprised of Nd doped YAG is typically pumped with pump signals having a 
wavelength of 808 3 nanometers. In order to permit the pump signals to be 
recdvcd by the active gain medium without being reflected fiom the first side 
SUrfaee 20, the microresonator generally includes an antixcflcction coating 30 
deposited upon the first and/or second side siu:face(s) to pennit signals having the 
wavelength of the pump signals to enter the microresonator 11 with little, if any, 
reDection. 

While the microlaser assembly 10 can include a variety of pump sources 
28, the microlaser assembly of one advantageous embodiment utilizes one or more 
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linear laser diode pump arrays 29 that are preferably poationed along the lenglh of 
the active gain medium 12 as described below. The linear laser diode puxap anrays 
are typically driven by means of current provided by a pair of condnctois tbBt have 
not been depicted for the purposes of clarity, but that arc well understood by those 
skilled in the art By utilizing a laser diode pnmp array, die enexgy delivered via. 
the pump signal is increased dramatically mlativc to the energy provided by fhe 
pump signals of a single stripe laser diode that is typically vtiliTed to end pun^ 
conventional microlasers. For exaiiq)le^ a linear laser diode array having a lesigtfa 
of about 1 cm generally provides pump signals having an average pump power of 
15-40 watts, as coIl^)ared to the 1-3 watts of average pump power provided by the 
pump signals of a single stripe laser diode. 

As a result of the side ptmiping and the angled configuration of the opposed 
end faces 16 of the microresonator II, the resonaUon pattern establidied by the 
microrc5Pnator IS not parallel to the longitudinal axis 18 as is customary for 
conventional cnd*pumped microlasers. Instead, the resonation pattern established 
by the microresonator of one advantageous embodiment is a zig-zag resonation 
pattern as shown in Figure 3. In orda: to support the zig-zag resonation pattern, the 
active gain medium 12 is preferably pimiped via the first and second side surfaces 
20, 22; both of which are coated with an antireflection coating 30 according to this 
embodiment as shown in Figure 3. In an alternative embodiment, however, Che 
active gain medium is only pumped via the first side surface. La order to prevent 
the undesirable loss of pnmp signals in this alternative embodiment, the second 
side surface of the microresonator 11, opposite the first side surface through which 
the pump signals are received, is preferably coated with a reflectance coatiuog that 
has a high reflectivity, such as a reflectivity of greater than 99.5%, for signals 
having the wavelength of ttie pump signals. While the reflectance and/or 
antireflection coatings deposited upon the first and second side surfaces can be 
formed in a variety of manners, the reflectance and/or antireflection coatings are 
typically formed by the deposition of a plurality of dielectric layers having 
respective indices of refraction that are tailored to provide the proper reflectivity 
properties as known to those skilled in the art. 
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Since the microresonatoi 1 1 is typically an eloagate bar having a genecally 
rectangular cross-section and angled end &ces 16^ the micioresonatDi also 
typically includes third and fbuitfa side sui&ces 32 extending between flie opposed 
end feces and between Ihe first and second opposed side surfaces 20, 22, In Figure 
3, for example, the third side surface is in view while the fourth side surface feces 
away from the viewer and is therefore unseen. In order to prevent much^ if any, 
light frons entering or departing fiom the microresonator via the third and fourth 
side surfeces^ the third and fourth side surfaces are typically finely ground or 
ofhon^c rougheoed so a^ to difiiisc light. 

While the active gain medium 12 can be pumped along its entire length, the 
pump source 28 is preferably designed so as to pump the active gain medium at 
only a few locations along its length. In this regaid» the zag-zag rcsonation pattern 
includes a plurality of segments of alternately opposite slope that intersect at 
respective inflection points 34 proximate the first and second side surfeces 20, 22. 
As shown in Figure 3, for example, the zig-^g resignation pattern of one 
embodimfint has two inflection points proximate the first side surfece and two 
inflection points proximate the sKoad side surfece. However, 'die zig-zag 
resignation pattern suppotted by Ibe microresonaior 1 1 can have a dififerent mimber 
of inflection points, if so desired hi order to efficiently pump the active gain 
medium, the pump source is therefore preferably designed to haye laser diode 
pump arrays proximate the first side surface and/or the second side surfecc at 
locations coincident with the re^ecCive inflection points of tihe zig-zag resonation 
pattern. In this regard, fhc pmxp source can include a first plurality of linear laser 
diode pump arrays, each of which is located adjacent ibe first side surfece 
proximate a respective inflection point. In addition^ in the embodiment in which 
the micmresonator is side pumped from both the first and second side siurfaces, the 
pump souiuc also preferably includes a second plurality of linear laser diode puinp 
arrays, one of which is adjacent each inflection point pTOximateihe second side 
surface. As depicted in Figures 2 and 3» for exanq^Ie^ each pump source can 
include two or more linear laser diode pump arrays positioned at a respective 
inflection point and separated by a block 31 of oxygen free high conductivity 
copper or a block of a themially conductive, electrically insulating material, such 
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as berylliiim oxide (BeO) or aluminum nitride (AIN). As shown in Figpre 2, each 
linear laser diode pump anray also preferably extends laterally alongside the 
microresonator between fhetfaiid and fbuith side sui&ces 32. 

In addition to the microresonator 11» the miciolaser assembly 10 of &e 
present invention includes one or mote electro-optic components 36 positioned 
dovnstream of the microresonator in an aHgaed relationship thereto. As shown m 
the Figure 1» the microrcsonator and the other electro-optic components can be 
mounted upon a common h^at sink 38. Altemativelyy Ihe microresonator and the 
other electro-optic components can be mounted upon difEer^t heat sinks or a 
segmented heat sink if it is desired to maintain the microresonator and the oth^ 
electro-optic compon^ts at di£ferent or otherwise independent temperatures. 
According to one embodiment, the heat sink is an oxygen free high conductivity 
copper heat sink* However, die heat sink can be any of a variety of active or 
passive heat sinks including themioelectric coolers and the like. 

Li order to ^ropriatcly mount the microresonator 11 and the downstream 
electro^ptie components 36 to the underlying heat sink 38, the microlaser 
asscmbly 10 also prefexably includes a microresonator mount 40 for supporting the 
microresonator and one or more component mounts 42 for su^^rting le^ective 
electro-opdc components. With respect to these mounts, the microlaser assembly 
can include a variety of difEereni moimts so long as the mounts provide for the 
conduction of thermal energy from the microresonator or the electro-oplic 
component to the underlying heat sink while maintaining the microresonator or the 
electro-optic component in a precise predefined posidon relacive to the odier 
components. 

According to one embodiment depicted in Figure 2, the microresonator 
mount 40 includes biidge portions 44 attached to opposite side sur&ces of the 
microresonator 11. In this zegard, the bridge portions are attached to those side 
sur&ces» such as the third and fourth side surfaces 32, that do not receive pump 
signals during operation of the microresonator. While the bridge portions can be 
attached to opposed side surfaces of the microresonator in a variety of manners, the 
bridge pornons of one embodiment are soldered, such as by means of an iridium 
solder, to the third and fourth side surfaces of the microrcsonacor. According to 
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the illustcated embodimenty the xoicxwesonator mount also includes a pair of 
upstanding porti<ms 46 that extend upwardly fix>m the underlymg heat sink 38. As 
also shown in Figure 2, die mioxsresonator mount can include a pair of connectors 
48 for connecting the upstanding portions and the bridge portions so that the 
midOTesonator is disposed between ttie upstanding portions. Alternatively, the 
fi pgiyr>rfiTig porcicns and the bridge portions of the jmicrorcsonaior mount can be 
connected by means of a soldeip an q>oxy or the like in order to eliniinato the 
connectOTS. 

In order to piunp ttic microresonator 11. the pump sources 28 are preferably 
mounted upon the upstanding portions 46 in alignment with the iSrsl and second 
opposed side surfaces 20. 22 of the microresonator. In this regard, the pump 
source mounted to each tjq;>st8nding portion can include a plurality of linear laser 
diode arrays spaced along the length of the microresoiuitor at locations that 
coincide with the inflection points 34 of the zig-zag resonation path that are 
proTumate the reflective side sur&ce. The pump sources can be mounted to the 
upstanding portions in a variety of manners. In one embodiment, for example, die 
pump sources arc mounted to the re s pective upstanding portions by means of 
indium solder or a thermally ctmductive epoxy. 

The microTcsonator mount 40 can be comprised of a variety of thermally 
conductive materials. For example. Hie microresonator mount of one embodiment 
is comprised of oxygen fi-ee higih conductivity copper in order to facilitate the 
transmission of thencnal enei^gy to the heat siiik 38 for disposaL In this regard, the 
upstandii^ portions are prefbrably attached to the underlying heat sink by means of 
a thetmally matched cpoxy or the like, such as an alimiinnm oxide filled or a silver 
filled cpoxy. Although one Gmbodimenr of a microresonator mount is illustrated 
and described above, the microresonator mount can have many other designs 
depending upon the particular application. For example, the upstanding portions of 
the microresonator mount can be a single U-shaped stnictuxe. Jn addition, the 
microresonator and the pump sources can be mounted on a common slab-like 
mount as described in U.S. Patent No, 6,072,815, if desired. 

As depicted in Figure 1, the miciolaser assembly 10 has one or more 
electro-optic conqponents 36 positioned downstream of the raicronesonator 11 for 
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receiving and/or modifying ibc lassr signals emitted by the microrfisonator. The 
microlfiser assembly can include different types of electio-optic componcnis 
depending on ^e s^licatioa and tiic manna: in whicli tbe laser signals are to be 
modified. For examplep the mimolaser assembly can include a frcqacncy doubling 
crystal^ typically formed of KTiOP04, i.e., KTP. By way of example, in the 
embodiment in which, a microresonator having an active gain medium 12 foimed 
of neodymium-dc^d YAG and a satumble absocber 14 foimed of tetravalmt 
chrome-doped YAG emits laser pulses having a wavelength of 1 .064 nanometers, 
the KTP crystal will double the firequency of the laser pulses such that the resulting 
laser pulses have a wavelength of 532 nanometers. 

hi addition, the microlaser assembly lO can include a fourth harmfmic 
generator* typically formed of barium borate (BBO), disposed downstrc^am of the 
firequency doubUng crystal in order to generate a fourth order ou^t Accordingly, 
a microlaser assembly that includes a microresonator 11 having an active gain 
medium 12 formed of ncodymimn-doped YAG and a saturable absoiber 14 formed 
of tetravalent chrome-doped YAG that emits laser pulses having a wavelength of 
1.064 nanometeis may include both a frequency doubling crystal and a fourth 
harmonic generator in order to produce laser pulses having a wavelength of 266 
nanometers. Moreover, the microlaser assembly can include other types of 
nonlinear crystals or harmonic crystals, such as lithium triborate (LBO) that can 
serve as a second or third harmonic generator depending upon its design. Other 
nonlinear crystals include, but arc not limited to potassium dihydrogen [ihosphaie 
(BCDP)> hthium niobate (liNbOj)* ccssium triborate (CBO) and ccssium lithium 
triborate (CLBO). 

In addition to or instead of nonlinear crystals for altering the frequency of 
the pulses provided by the microresonator 1 1, die microlaser assembly 10 can 
include an optical parametric amplifier and/or an optical parameteric oscillator for 
emitting signals having a somewhat different waveleaigth in response to the pulses 
emitted by the microresonator. For exaiTq)le, an opdcal paiametric amphfier or an 
optical parametric oscillator can emit signals having a wavelength between 1 .5 and 
4.5 Mm in response to pulses emitted by the microresonator that have a wavelength 
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of 1 .064 }xm. KforeoveTi the microlaser assembly can include another active gain 
mftdiiTTTi downstream of the microresontator such thai the pulses emitted by the 
micioresonator serve to pump the other active gain medium. For exan^le. pulses 
having wavelength of 1 .064 pm that are emitted by the xnicrozesonator can pump 
another active gain medium comprised of tetravalent chromium doped YAG 
which, in turn, will onit pulses having a wavelength between 1.3 pm and 1.6 pm. 
As will be apparent, the laser signals emitted by die microlaser assembly of the 
present invention can therefore be tailored for many specific applications since the 
frequency and the average power IcvA of the pulses can be modified by 
introducing appropriate electro-optic components 36 downstream of the 
microresonator. As shown in Figure 1 . for example, the electro^iic component 
that is immediately downstream of the microresonator can be an optical parametric 
amplifier, while the other electro-optic component can be a non-linear crystal for 
akering the frequency of the laser signals. 

like the mia:oresonator mount 40, the microlaser assembly 10 also 
preferably includes one or more component mounts 42 for holding the respective 
electro-optic components 36. As described in conjunction with die microresonator 
moimt^ each component mount is designed to hold the respective clcctio-optic 
component in a precise, predetermined position relative to the microresonator 11 
and the other electro-optic components. In addition, the component mount is 
preferably fabricated from a material, such as oxygen free high conductivity 
copper, for facilitating tibie traasucii^^ion of thermal energy from the respective 
electro-optic component to die heat sink 38 for disposal. As will be apparent, the 
actual configuration of the component mount will be dependent upon the nature of 
the respective electro-optic component^ tnit the component mounts of one 
embodiment are the same or similar to the microresonator mount 40, as shown in 
Figure 1. As will also be aqpparent to those skilled in the art, each component 
mount is preferably attached to the underlying heat sink by means of themially 
matched epoxy or the like, such as an aluminum oxide filled or a silver filled 
epoxy, to fintiier &cilitate transftr of thermal energy frton the electro-optic 
component through tfae coinponent mount to the underlying heat sink. 
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According to the present invratioii. the microresonator 11 and the electro- 
c^tic components 36 are preferably aligned in a precise manner in crd^ to 
facilitate the transmission of laser signals, such as pulses, therebetween with 
mininial loss or attenuatioiL As suchi the miorolaser assembly 10 of the present 
invention also includes a beam steering dement 50 disposed betwem the 
mionoresonator and the eleccro-optic conrponent that is disposed immediately 
downstream of the micioresonator. As de$ciibed below, the beam steering element 
aligns the laser signals emitted by ihe microresonator with the electro-opiic 
component that is immediately downstream thereof. In embodiments that include 
a series of two or more eleclro-optic components downstream of the 
microresonator, the microlasex assembly can include additional beam steering 
elements disposed between each pair of the electro-optic components in the series. 

Each beam ste^ng element 50 is preferably controllably adjustable in 
order to provide controUcd alignment of the las^ signals during the initial 
configuration of the microlaser assembly 10 as well as during any subsequent 
realignment of the microlaser assembly. In this regard, the beam steering element 
is typically enable of providing fox the controlled adjustment of the direction of 
the laser signals within a predefined range, such as within an adjustment window 
of 1^. Accordingly, the beam steering element provides for relatively fine or 
precise control of titie alignment of the laser signals. 

In one advantageous embodiment, the beam steering element SO eonqpiises 
at least one and, more typically, a pair of complementary wedge prisms. While the 
wedge prisnAS may be formed of various materials, die prisms are commonly 
formed of quartz or BK-7 glass. For example, the beam steering element can 
include a pair of steering Risley prisms 52 mounted in respective ring-like mounts 
53 that axe generally formed of invar, alumimun or the like. As depicted in Figure 
A, the pair of steering Risley prlscos axe typically disposed within a housing 54 that 
permits each Risley prism to be independently rotate about die optical axis 55 in 
order to controllably steer the laser signals. According to one embodimeiilt for 
example, the housing defines a pair of slots 56, one of which is associated with 
each Risley prism, such that each Risley prism can be accessed and rotated abotu 
the optical axis in order to adjust the alignment provided by the beam steering 
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element. Once the laser sLgnals have been appropriately aligned such as by 
detecting that fhe output of the microlaseT assembly 1 0 has been maximized, fhe 
position of the Risley prifims can be fixed. In this regard, the housing can be 
partially split by anotiier slot 57 that extends from an interior portion of the 
housing in which the steering Bisiey prisms are disposed to one side of ^ 
housing. As depicted in Figure 1, the beam steering element of this embodiment 
can include a locking screw 58 or the like that extends across the slot 57 and can be 
advanced once the Risley prisms are in the desired positions in order to at least 
partiaDy close the slot 57 and fix the position of the Risley prisms. As will be 
apparent, however, the beam steering element can include other means for fixing 
the position of the Risley prisms onoe die laser signals are appropriately aligned. If 
the xnicrolaseT assembly must ever be realigned, the locking screw of ttus 
embodinmt can be loosened in order to pennit the Risley prisms to again be 
rotated relative to the optical axis in order to alter the alignment of the laser 
agnals. As shown in Figure 4, the housing of tfxe beam steering element can also 
include a pair of windows 39 proximate respective ones of the Rislay prisms Eot 
pennitting die lasar signals to enter and exit the housing. While liic housing can 
include various types of windows, the windows of one embodimcm are comprised 
of s^phire and aro coated with an antireflection coating that prevents little, if any, 
of the laser signals from being reflected. 

As described above, the beam stceriitg element 50 generally provides for 
the relatively precise or fine control of the aligcunent of the laser signals. 
However, the microUser assembly 10 can also include one or more mechanical 
alignment members 60 ftar providing general alignment of the microresonator 11 
and the eleciro-optic components 36. [n this regard, the mechanical alignment 
members can include a separate mechanical alignment member for aligning each 
pair of cxiraponcnts in the series of electro-optic components. By way of example, 
the microlaser assembly can include a first mechanical alignment memb^ for 
aligning ttie microresonator and the beam steering element and a second 
mechanical alignment member fbt aligning the beam steering element and the 
electro-optic conq>Qnent that is immediately downstream. Likewise, the microlaser 
assembly can include other medhanical alignment members for aligning the other 
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clcctro-optic components in &e series oifhor oMtlier l>cam steering cle m e nt or 
anotber cloctro-optic component 

While the mierolaser assembly 10 can include various types of mechanical 
alignment members 60, mechanical alignment members of one embodiment 
include pins. In this embodiment, each pair of components can be mechamcally 
aligned with one or more pins. In the illustrated onbodiment, for example, each 
pair of compoTKiits is al^ed by a pair of pins. In this regard, the first mechanical * 
alignment member includes a pair of pins for aligning the micror^onatar 11 and 
the beam steering clement 50. Likewise^ die secoad mechanical alignment 
member includes a pair of pins for aligning the beam steering element and the 
clcctro-optic component 36, While the pins can align tl^ various con^ionents in 
different manners^ the mounts 40» 42 and the bousing 54 of the illustrated 
embodiment of the miciolciser assembly define a plurality of openings 62 for 
receiving the end portions of re^ective ones of the pins. Since the opeoings 
defined by the mounts and the housings are disposed in general alignment, the 
microresonatoz; the beam steering elements and the electro-optic components 
earned by the mounts and the housing will be in general alignment once the pins 
have been ins«tcd into the corresponding openings. As shown in Figure 2, for 
example^ the bridge portions 44 of the microresonator mount can define a pair of 
openings for recdiving the end poxtions of a pair of pins. As shown in Figure 4» the 
housing of the beam steedng element can also define a complemeotazy pair of 
openings for receiving the opposed end portions of the pair of pins. 

According to the present invention, the microlaser assembly 10 is therefore 
mounted upon the heat sink 28 such that die microresonator 11, the beam steering 
elCTient SO and the clcctro-optic components 36 are in general alignment with one 
another due to the engagement of the respective components by the mechanical 
alignmeuE members 60» i.e., the pins. Laser signals emitted by the microresonator 
can then be more precisely aligned with the downstream electro-optic components 
by controUably adjusting the beam steering elements^ such as by rotating one or 
both steering Risley prisms 52 about the optical axis. Once the laser signals have 
been appropriately aligned, as may be determined by maximizing the resulting 
output provided by the micro laser assembly, the position of the steering Risley 
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prisms can be fixed, ibereby enabling tbo nncrolasdr assembly to operate in an 
efSiddnt manner with a minimum of sigoal loss or atifinuaiion due to misalignmenL 

Many modifications and other embodiments of tb6 inv^tion will come to 
mind to one skilled in the art to wMch this mvetition pextaios haring the benefit of 
the teachings presented in the foregoing desciipticms and the associaied draufings. 
Therefore, it is to be understood that ifae invention is not to be limited to the 
specific embodiments disclosed and that modifications and other embodiments are 
intended to be included within the scope of the appended duns. Althonfh specific 
tenns are employed herein, they are used in a generic and descriptive sense only 
and not for purposes of limitation. 

4. Brief D&scrxptlon of Drawings 

Figure I is a perspective view of amicrolaser assembly according to one 
advantageois embodiment of the present invenfioiL 

Figure 2 is an exploded pospccdve view of the microresonator mount and 
the microresonatorof the microlaser assembly of Fi^e I. 



Figure 3 is a schematic side view of a microrosonator with a pair of pump 
sources fbr jnoducing a zig-zag resonatioa pattern therein. 

Figure 4 is a cross-sectional side view of the beam steering element of the 
microlaser assembly of Figure 1. 
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!• Abstract 



ABSTRACT OF THE DISCXOSURB 
A microLaser assembly is provided that includes a micraresonator, sucli as a 
side pifflc^ed microresonator hoviDg an active gain medimn and a passive Q- 
switcb, a pmx^} source for inducing resonation of ihe tmcroresoimtor and fbe 
generation of laser signals, one or moze clectio-opftic components, such as one or 
more non-linear crystals, amplifiers, osdUators or active gain mediums, for 
modifying the laser signals emitted by die miciolaser and abeam steering element 
for aligning the laser si^ials emitted by d^e miororesonator with the eiectro-optic 
con^Kinents. The beam sieedng element is preferably con!7X>lIably adjustable to as 
to predsely align the laser signals emitted by the microrcaonator with an electio- 
optic compooBoL In order to provide more general alignment, the nilcrolascr 
assembly can also include a mecharrical alignmoit member. Fox example^ the 
mieiolaser assembly can include a first mechanical aligoment member for ali g^'ng 
die TmcroTCsonator B2»i tfacbeam steering element and a second mechanical 
alignment member for aligpsing the beam steering element and (he electxo-optic 
component. In diis ic^id, die first and second mechanical alignment members 
can each include at least one pin for oper^ly eaogaging the microresonator» befim 
steering element and/or the electro-optic oompon^ns. The Laser signals emiued by 
the microresonator can therefore be efSoiently coupled to the dectro-optic 
compona:it& in order to provide die desired laser output. 

2. Representative Drawing 



Fig. 1 



